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Summary

The attachment discusscs a space program based on common

hardware and .imitled mission scale. The proposed approach enables
significant objectives {0 be accomplished in a variety of mission
arcas but maintains flexibility to direct emphasis to particular
missions. Initial goals include performance of earth orbital,

lunar landing, and planctary flyby and landing missions. The

’ Y Ny
approach 1s to let gross mission goals eslablish fundamental
hardware reguirenents and allow specific mission characteristics

to bo'deLngd from hardware capabilities.

Advantages and economies of common hardware include low
rescarch and development cost, ecasier initiation of new programs,
low mission hardware cost, reliability, and common support
facilities. Major new developments would be reduced by half and
benefits of volume production would result, jowever, these
benefits can probably be realized only if programs in the three
mission areas are concurrent, overlapping, or closely spaced.

It is contended that mission scale should be set by

funding considerations rather than by an arbitrary set of objectives.

Consequently, minimum missions are proposed--both in crew com-
plement and experiment payload. .

A casc is presented which attempts to mechanize an
integrated manned program with the fewest possihle vehicles and
serves to illustrate the potential of such an approach. The
hardware elements are the crew support mission module, propul-
sion module I (utilized for major velocity changes), propulsion
module IT (employed for abort, attitude control, and low velocity
mancuvers) and an earth entry module. Mission peculiar hardwarca
1s considered only in one mission area, namely Mars landing,
since this hardware would have major impact on such a mission.
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The crew support nodule is a basic module unit
adaptable to a variety of missions of varying crew size and
duration. Different types of modules can be derived from this
basic module by addition or deletion of standardized options.
Module weiahi, size and lifetime constvaints are established to
assure versatility of module usage and launch on any of several
launch vehicles. A single module would support a specialized
earth orbital mission or a lunar base; two modules, a planetary
mission; three modules, a large multidisciplinary station. Common
module subsystems (such as structure, power, life support,
environmental control) are generally possible since they are
unaffected by the range of operating environments, Different
missions will of course regquire modifications to some subsystems
(for cxample, comrmunications).

Commonality in propulsion system design can also be

achicved. Sizing of the prowu]sion rodule I is governed by
lunar and planctary considerations., Unmanned SV ifourth stage
and CWSL

i
The prcpul
surface re

Pt 1

oo G L T

p
ar rescue operationg accept derived pavload capebility.
sion module IT is sized by plndotary abort and lunar
J*“n

sldcetionz and ig suo (L »le for lonyg term low

N
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Pavia <rois

& gtetion opitions and a lunaxs
base utilizing com

elements are describoed., An

approach to accomp srincipal planetary exploration obijectives
of 1) Mars surface sample reitvieval , and 2) manned Mars landing
at minimal overall cost is also Clttd A key element of this

plan 1s commonality of an urmannad Mars surcface sanple return
probe and a manned Mars excursion module. Possible Mars landing
mission profiles and probe designs capable of implementing such
a program are described.

Mission elements employed for minimum Mars landing
missions are Venus swingby, elliptical parking and capture
orbits, and direct entry of lander probes. Saving attributea
to these mission elements is 75 pevcent of initial weight i
earth orbit,
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PROGRAM GOALS

A primary objective of this document is to illustrate
that an integrated manned space program, encompacssing earth
orbital, lunar, and planetary missions can be achieved at
relatively low cost. The suggested approach is based on maximum
utilization of a ¢t of common hardware and limiting the scale
(and/or objectives) of individual missions. It is noted that
common hardware per se does not place limits on the scale of
individual missions--a scale limit is a result of cost
considerations.
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MISSION COALS

For many years, perhaps a decade ¢ ior
space flight will be in a preliminary survey o o
what can and should be done. Currently this ou-
low earth orbit exorerience, with planned cie- Tv i
ventures. In the forseeable future, this gh: will
to the near planets. Detailed exploration,
and exploitation will inevitably follow. But in thi
liminary phase the knowledge gained from each misgi
the objectives of subseguent missions.
mission planning and extrapolation of tasks b“yond {
obvious preliminary goals is premature. Okjeuilivoes
radically after early explorations (1) (Cors’&u, Lo
possible discovery of ecasily tappcd water c: U AN
It is therefore desirable that preliminary }
flight maintain flexibility in the choicc ol -~
objectives and limit early commitments of » o oo

o ()f

The proposcd apmrowch enables gic:- 7
to be accomnlWQLcd in a rleLy of mission
flexibility to direct cuphasis to pavticule:

AN naterializo. Attuu. ion s P"nﬂ‘ﬁf\r(
achicvement of multiple mission gOWWS. Thie o
ambitiouvs planning for particular mission ¢
detract from overall ohjectives, '

n

The integrated program has as it ;
performance of earth orbjtal, lunar landinc a7 ot
flyby and landing missions. FEventually dis. . o
will be desirable but are presently beyond it .
preliminary exploration program.
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COMZION H? ARDWARE

chu1rﬂments

The only fundamental design constraints on hardware
are those imposed by natural laws, Such cousiraints are a
result of the operating environment, mission length, and a
minimal hardware capability for transport of men and payload.
Other factors such as objectives, schedullng, mission selection,
mission scale, and configurations, are in fact quite flexible
and can be controlled.*

For the gross set of mission objectives selected, it
is possible to accommodate fundamental constraints with common
hardware. The central principles for the approach herein ere

+ let gross mission goals (noted in the previ
establish the fundamental hardware roguir. e

+ derive the specific miscion characteristics from the
hardware cavabilities,

The Dosico Creocon [SRSL :
nmiseion 30@1¢; Ly tred {f hardwauce : S
mission details. 'Uhe L plan i she

tal g . i
objectives, requ¢rcn;th and timing of jnﬂividucl n1'“jor
Sufficient foresight in early program planniang is preroq g
for successful formulation of an intcyrated program utilizing
common hardware (2).

7kln contrast to NASA which can exercisc substantial
control in thesec areas, DOD reqguirements are dictated in great
measure by factors beyond their control, such as performance
and numerical strength of weapons sys temv of potential enemies.
Lesser performance, or a schcdule slippage in weapons systems
to accommodate commonality could result in an unacceptable
compromise in overall defaense posture. Hence analogies between
DOb and NASA development approaches are not gene ally meaningf
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QUANTITY VARIABLES
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Advantages

Significant economies and advantages result from the
usa of common hevduare,

Studies have shown that savings due to use of
previously developed subsystems in new system assemblies are
remarkably small (10). This is due to the fact that
"“integration"--the problems of adapting a given subsys tem
to work in the induced environment of others—- is a pri naly
cost in any cCevelcpment. Thus, for marimua R & D cost savings
it is adva retain as much of the basic vehicle

re multiple usage with additional components,

oo possibl

noted that developuent ,and production costs
>acecraftt hdv; been estimated to be sgeveral
C for an earth orbit

commaxison
Ir i Ponoca

<

ltional
La onificsntly
L sions con also sorve as developnaor
the plane arj spacecraft. COHVLI sely, the earth
orbit missions area will benefit from the development of a long
duration module by reduced logistics requirements. In general,
mizcion tining can pernit o mor zdual, less coztly

approach to gqualify all space hardvare for lono term missions.

[ws

O !

New Program Initiation

A new mission formulated within capabilities of existing
ly modified hardware can avoid a major new start
ta admiristrative and funding preblems at the

)
£
1.

of partial
e C

>, The lengthy proccdure for procgram initiation

and avprovael is in part due to the time and expense involved
in doevelosment of new hardware, and chtaining agrecnent within

NAUA 2s to what this bhardware should be. Availability of
hardware, if it is ge horally suitable for the proposed mission,
Cati )<LCaH1 ¢ riunistrative proccss,?n“ in so doing further
progress of . flwghb. ARV is case in point. If

major nL” hardware were requirved thoe pregsent lov cost AAP

wouid probably nut have been initiated,
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Missiogwﬁardware Recurring Cost

Because of the eccnomies inherent in volune ma C
the recurring costs of mission hardware units can be lower tha
those of non-common hardweare. Tnis will be true even 1f some
hardware units are grossly modified, since commonality exists
at some level of sub-assembly. These savings are particularly
realizable in the very low volume production associated with

space flight.

Reliability

It is axiomatic that the reliability of a hardware
system improves with operational experience. Atlas and Titan
launch vehicles and the Gemini spacecraft illustrate this
principle. Thus, a minimum number of new developments used over
an extended time period assures a high level of reliability.

Support Faciliti

D

S

Commonality can result in consideralle operational
savings since common facilities, and particularly, more complete
utilization of perscnnel can be achieved, &n exawple of th
latter advantage is provided by the SIVB stage which employs
[STRTEIALS

ol controctor focilitios and noersonned on both the Saturd
id Saturn Vo ovahicles. i

Another significant point worth roting is
developments (duc to fewoer contiactors) considerabl
fixed costs of contractor testing facilities and su
engineering.

Ny -~

COMMOR HARDWARE- ADVANTAGES

o LO%W TOTAL R & D COST

o LEASIER 1HITHATIGH OF Kbl PROGRMS
e LGV MISSICH HARDWARE COST

o RELTABILITY

e COMMOW SUPPORT FACILITIES




COMMON HARDWARE

Extent of Co

onality

Application of common hardware in different mission
areas requires some compromicse, and acceptance of the fact that
the mission is ©o be shaped by the hardwairc--rather than the
spacecraft being conflgured to preconceived mission requirements.

Common hardware does not mean "identical" hardware.
Mission peculiar options, minor modifications, and evolutionary
development improvements are considered part of the plan, as
discussed latex. Furthermore, common hardware does not neces-
sarily fix mission size. Reqguirements for more crew men or
propulsion can be met by additional modules.

Coamon hardware clements are developed separately over
a long period of t;me comimensurate with the overall p*oqrhm plan,
For exemnla, the mission module for earth orbit use would precede
other gystems by seve fal years. The lunar and plancltary mission
modules would evolve from this basic design. Other Nluuior
hovdvare, vavrticularly for planetary voo, nezl not bae oo

for sons g,

—
,_.J
N
n

The table estimates the extent to which common hardware
may reduce the nunber of new developments and, in turn, overall
development cost. The major potential savings ave in the costly
modules necessary for crew support, namely the mission and earth
entry modulez.  Bolh these modules land themselves 1o conmon

designs since the requirenents for crew support are identical.
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MISS10R MODULE
EARTH EHXTRY MODULE
PROFULSIOH STAGES

MARS LAMDERS

! (o]

GILARNTS

en

MAJOR
NEV DEVELOFMENTS

CURRERT

STUDIES

e MISSI0H MODULES INCLUDE A LUNAR BASE, | OR 2
SPACE STATIONS AND PLANETARY MODULES,

PROPOSED

o ENTRY MNDULES ARE REQUIRED FOR SPACE STATIONS
AND PLAHETARY RETURK.

e MARS LANDERS INCLUDE UNMANHED SAMPLE RETURN
AND A MAHHNED LARDER.

o PROPULSION STAGES

[MCLUDE A MUCLEAR OR

KI1GH ENERGY CRYOGEIIC STAGE FCR FLARETARY
INJECT 103, A LUMAR LANDING STAGE, AND

Al ABORT/HIDCOURS

E CORRECTIGH STAGE FOR

PLANETARY MISSIQiS.
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Example: Benefits of Volume Production

An example of decreasing hardware unit costs with
vehicle nunber is given in the chart svurarizing Booeing air-
craft experience (13). Checkout man-hours, though only a part
of total production costs, provides a useful indication of
overall trends. These trends are particularly applicable after
development problems of the initial prototypes are resolved.
The most striking gains are made during the early stages of
production, Manned space flight, since it is involved in very
limited production, can similarly benefit by increasing its
production rates with a limited number of new developments.
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COMMON HARDVARE

Example: Fvolutionary Develonment

Use of common hardware does not preclude evolutionary
improvements. It has been the experience in many space hardwvare
develovnents thal psrfoxiznce improvements through new technology
can be achieved at relatively modest cost. This is, in part,
due to the fixed contractor costs (i.e., engineering staff,
manufacturing research, etc.) associated with any production
run. In practice, these support personnel continually work at
product improvement in addition to their regular function of
trouble shooting.

The Delta launch vehicle (4) offers an instructive
example of evolutionary performance growth while still retaining
low cost and reliability. The low orbit altitude payload of the
Delta has nearly guadrupled in eight years of operation. This
has been achieved for slightly more than $26 million of additional
R & D on the initial Delta vehicle. It is noted that a new launch
vehicle of 2,300 1b payload would cost perhaps an oxder of magnitude
more to develop.
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DELTA LAUNCH VEHICLE COSTS

- ADDITHONAL
PAYLOAD (LB) R&D RECURRING URIT
!

YELR 170 200 B COST (MIL) cosT (HIL)

1960 600 -- 3.09

e
|E——"

A

1962-63 900 6.3 3.09
[96 1300 2.6+* 3.29
196566 1600 13.0+* 3.10
196768 2300 ) 4. 00
2. 1+
“L1OR AR FORCE DEVILU] PSS GAVE DT RERD 106

1! THESE FIGURES.



MISSION SCALE

Questioned here is the necessity for extensive mission
scale for early missions--both in crew complement and experiment
objectives. Consaguently, minimum missic s are proposed until
such time that more refined objectives can be established. It
is believed that the presence of man contributes significantly
to any mission by providing real time control (no communication
delay), maintenance capability, and reduced automation
complexity. A manned mission also permits more complex experi-~

ments (large, versatile telescopes or planetary sample return
for instance).

The adjoining graph qualitatively illustrates the likely
value of mission scale for an ecarly manned mission The solid
surve presunes that most of the routine spacecraft monitoring

and operation functions are automated. (Apriori there is nothing
to preclude this mode of operation if pilanned on (14).) Thusz

the first crewnan's time can essentially be devoted to expoerimnant
or mission objective related tasks. Irvespective of the level

of auvtonation, at so 13 i
with

point diminighing retu
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S vy

L1y osol in

d kb Of s is
becausa initial obhjectives ca ] c = than
quantitative since they are inherentls of

duplica-

pricr knowledge. The larger mission t
tion or elaboration in detail.
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Cost

mmbitious mission objectives ar .+ synonymous with
ambitious funding levels (5). MNMore pay.. @i, more experinent
man-hours, more datd, inevitably mecans rcve cost. It is
contended that mission scale should be sct by funding con-

siderations, rather than by an arbitrary scot of .objectives.

Compromise of data acquisition and mission modes
are equally important considerations. For example, a low
circular orbit about Mars or Venus is icoal for purposes of
gathering high quality data. But this crbit is extremely
cexpensive in terms of propellant for placcolavy capture and
oscape, and thus adds significantly to iritial weight in
carth orbit. Adoption of worthwhile but loss extensive
dnta goals permits use of a highly clliptic orbit at great
overall weight savings and thus cost savings.

Cost Bffectiveness

-

1. -
e

Aubitious ol VES are woially
cffective (i.e.,; low cost per unit data return or weight
\ sported) fashion with a large systcn (B) . But largo
systomsg are costly in an absolute senoe.,

T PR N
T aClOmMpPLLSacG 1n a

—~
i)

On any earth orbital rCSQafCh, plunetary reconnaissance,

oy cexploratory missions, use of cost effcectiveness criteria to
catanlish scale may be guestioned since large amounts of data

be unnecessar to the objectives of such a mission.

. Furthermore in the context of broader mission goals
a cost-effective system for a single mission area is not
neces=arily desirable. For example, a larae space station,
wnless it is capable of being dissembled into smaller units,

couitable for planetary or lunar micscion:. Thus a smaller unit

b more cost effective on a total proqgram basis,
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MISSTON SCALE

Spacecraft Siz=

Tote. -~ rwacecraft weight is a useful indicator of cost
because of imz. . -7 development and recurring launch and hardware
costs. The inc. ~=ted spacecraft weight envelope (15) reflects
extensive variz-.7on in payload, subsystems, environmental
penalties (i.e., Teteoroid and radiation protection for
different missi~~z), and crew size. Note that weights can diffe
by a factor of =2 Or more between two possible planetary space-
craft for a tyz:~21 mission. uch of these differences are
subject to con<-~_.--particularly the paylcad and crew size
elements.

A

A 1l - . 7um weight nission can only be achieved by
designing for - ler payload and crew initially. Off-loading
a larger spacean. St cannot materially affect potential savings
since this onl, r~volves expendables and not subsystems.

Weigr . ~enaltics associated with additional croew-men
rance from 14,777 to 20,000 ibs/man.  Such panalti 1o
thorough omani: .on oF crew gize scloecillion criteria

an be gained by mininizing crow
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200,000~

175,000

150, 000

100,000 - -

' 75,000-

50,000~

-t

FROM OFFLOADING
GIILY +(5700 LB/ur

/

3,030 LB PAYLOAD

\sLopE ~ 18000 Lejue

AYLEC A

e l,-;vw, —

e
8 10

NOTE:

SPACECRAFT WEIGHT IS OPTIMIZED
FOR EACH PARTICULAR CREW AND PAYLOAD
COMPLEMENT.
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NSTCN_AND DEVELOPMENT PRINCTPLES

Within the spectrum of mission couls, there are many
opportunities for commonality~--ranging fromn major subsystems
to complete vehicles, The extent to which owqo“rIWiy can be
enployed is deper’znt on the flexibility of mission requilrements.
The case pLesented attempts to mechanize an integrated manned
space program with the fewest possible vehicles and serves to
illustrate the potential of this approach (6).

The vehicle configurations presented in this section
are by no means the only pocs1bJo ones sathfylng cormoneality
reguirements But they do represent a set of basic vehicles
that are capaule of performing the different missions.

lyses were directed to those hardware clements
1blo of multiple mission uses. Theso clements arc
ort module, carth entry module, D1oun1 sion module I
major \V;l(’” Ly changes), and propulzion modale I1
attitude control, and lcvr \%)WCwJILy nans SLVOrS) .
rardware s considerced only in one miscicn aree,
e thio hiardieos ronld Izu\w%'m;fp,u ARSIRESEO

(e

i
[

.|

f’"“.
) i
¢
4t
¢ 1
L
.
H
[
i
i
P
e o
B
o
.
[

.
—

T




NG SdndK3

m
i
! . |
{ i
| | | 3701 H3A
| | INZOSY %
w N TTeHYS © ; _— | I | U30NVT s¥vi
{ ; !
m 131870d0Yd | : |
| 911 4IANINVA o | | | | |
| \ | 3/YLs | oo 11 3ngox |
M RISV UVANT o . LE30SY ¥VNAT © C o NoIsIndoug |
i 3991 | SEIVIS 3¢¥OST 3 _ | |
C DMINIARZNVW 30VAS e | ONIZE AWVINYRL . | |
: m | 39018 OHaNT | | 3In00H |
| 3OVLS ONICHYT ¥VNM e | 30V.iS P 05¥Y5 2 ¥3LIIHS © | s H0ISTNG0Yd
| o ” H
M NOISSIN o | | WFITIHS WYL LMOHS o | |
“ | | |
m NYNL2Y | UL | | 31NQ0H
| 2 HONAYT MID | 9 LONNYT MIWD o S AULNZ HL¥Y3
i | | HOILVAS LIG¥O o | |
w w ;o | 37N00K
| —-in o W3LIZNS 30VANRS o | ¢ 1Y0ddNS MIYD
| 083y W ¥ 07 L Lt HLYZ | STI0IHAA
N 3101 HIA
i . . ; . P . . . . . sy o o
g v 3 ~ B " : R E . . . 4 [ “




NT PRINCIPLIS

DESIGN AND DEVELODMT

The proposed hardware concepts are bascd on design
and developient principles which permit versatile long term
usage. This versatility is achieved through basic vehicle
design, high performance systems, and evolutionary growth.

Basic Vehicle Design

The requirement for weight, size, and environmental
compatibility between mission areas is self evident. But less
obvious 1s the initial engineering and manufacturing planning
which allows for the incorporation of essential mission peculiar
modifications. For exauple, Propulsion tlodule I would be
designed to accept a lunar landing gear. Similarly, the heat
shield on the earth entry module would vary with mission use.

High Performance

Greator hardware capahility lessons the imposced con-
particular missions. An obvious exawple i1s the crow
sion module, High performance is advantageous
4

SLralnis ol
supprort or

on any mission because of the reduced pronulsion end resupply
requircements, In particular, the acceptability of high energv
missions (synchronous orbit, lunar base, planetary) to a large
degree depends on the ability to perform these missions with
minimun propulsion (e.g., a single SV for a synchronous orbit
station).

Evolutionary Growth

The missions discussed herein do not require evolutionary
uprating in that the initial hardware designs are capable of per-

forming the chosen spectrum of missions. But eventually, a
mission requiring greater performance will be identified. The
position is taken that the reguired upratings should preferably
be carried out on the basic hardwvare rather than developing
new hardware (i.e., recall Delta launch vehicle experience).
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M ' : HARDWARE DESIGH
o . AND DEVELOPMENT PRINCIPLES

a I, DESIGH FOR MULTIPLE USAGE TO ALLOW
© MISSI0H PECULIAR MODIFICATIONS
) o WIDE RANGE OF OPERATING ENYVIROMMENTS
f © VEIGHT AND SIZE COMPATIBILITY BETVEEN MISSICIS

2. IKCORPOURATE HIGH PERFORMARCE TO:
e REDUCE WEIGHT

; o ELIMINATE RESUPPLY REQUIRFMERTS (EXPENDABLES
; SUBSYSTR RULIAZILITY)

e ALLOY HEW K1SSI0! LODES

b,

ANJ 3. COHSIDER EVOLUTIONARY GROWTH TO:
£ ' o EXTERD USEFUL LIFETIME OF HARDWARE
= o PERFORM NEW MISSIQHS
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* CREW SUPPORT MODULE

Description

The crew support module is a basic module unit
adaptable to a variety of missions of varying crew size and
duration., Subsystems common to all mission applications
include primary structure (pressurized volume), atmospheric
systems, thermal control, power, emergency mission control and
communications, equipment monitoring and checkout, an airlock,
and docking ports. Additional equipment and expendables are
incorporated to tailor modules for specialized usage such as
mission control, living quarters, or experiment support.
Internal architecture (i.e., control center consoles, sleeping
quarters, food preparation stations, experiment compartments,
etc.) can be mission configured. For example, a module stripped
of all living quarters features could provide laboratory space
for an assenbly of experiments. It is also possible to delete
module power units in assemblies of several modules. Propulsion
and attitude control functions are supplied by separatc
propulsion modules.

A representative design of combined nission operations/

living quarters module is shown opposite (16). Observe that
elimination of living quarters features, control consoles, and
the airlock would convert this module into a spacious experiment
shell. Alternately, deleting only the control consoles, would
free space for additional crewmen. Engineering design and
manufacturing planning could permit a number of different module
types to be derived from a single basic module design.
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CREW SUPPORT MODULE/DESCRIPTION

Modular Derivatives

Types of module derivatives are established by stages
(or paths) of assembly. All modules have identical primary
structure (i.e., outer wall, pressure shell, insulation, and
support structure); atmospheric and environmental control systems;
and a power distribution network. At this point of assembly,
the module is an empty shell with only the meteoroid shielding
varying to suit the intended mission. Experiments could be
housed in this empty shell with data handling services and power
supplied by an adjoining module. As options, an experiment
nodule could also include its own power source, primary space-
craft control, and mission control. This optional module assembly
can separate mission operations from crew living space if an
additional living quarters module is provided on the mission.
The living quarters module is derived from an empty shell by
adding crew and life support systems (i.e., bunks, galley, hygiene
areas, etc.), and a power source,.
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CREW_SUPPORT MODULE

Design Coigtra ntsg
]

ey
e

The proposed mission uses of the crew support module
establish several basic module design constraints which are M
summarized in the adioining table, It is noted that in addition !
to the stated goal of hardware commonality, there are weight,
size, and lifetime constraints which assure versatility of module

usage. : [q

Common module subsystems such as structure, atmospheric ;
supply and control, power ( if isotopic), life support and module i
control are possible apriori simply because they are unaffected i
by the range of operating environment. Thermal control, radiation
protection, and mcteoroid protecition subsystems which are i

[

B “
envircnmental dependent can also be common as will be shown. L
However, the different missions will require some degree of modi
flcv*won to some subsystems (i.e., communications, data handllﬂg, £
guidance and navigation). . L
le usage i1s essential to the feasi- .
Dility Therafore, maximumn moedule
wesd gl noe 8 RESIPH or low welght earth orbit
missions ' ECSsavy iodule dimonsions that are comparible with
any of the several launch vehicles are also reguired. :
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CREW S'FQ RT MOB ul CHAR

CTERISTICS

e

llnl‘TE

SUBSYSTEMS

e COMMOW SUBSYSTEMS
WHERE FEASIBLE

© ADAPTAELE TO NISSION
PECULIAR REQUIREMENTS
WHERE HECESSARY

¢ COMMON STRUCTURE,
ATMOSPHERIC SUPPLY
AND CONTROL, POVWER
LIFE SUPPORT, AND
MODULE COHTIROL SUB-
SYSTEMS.

o SOME MODIFICATICHS
REQUIRED FOR COMiU-
HICATIONS, DATA HAWD~
LiNG, AND GUIDAICE &
HAVIGATICH SURSY () LS,

< © THE BNV e QUi DESHGD FO2
A g kD T'lf‘.l”n”., R/u/‘l FGE,
LG BEARTH, AND METECROID EXNVILH
FARS, VEAUS LnD LIHIAR MERT.
ORBITS AdD LUMAR SURFACE.
o CONFIGURATION WITH
e 0 T0 | G OPERATING CAPA- "FLOOR & CEILING".
BTy (LUHAR OR EARTH
SURAFACE AND SPIN OPERA-
TioH).
CONSIDERATIONS LONG TERIS EARTH ORRITAL . OPERATION C rIBILITY

MISSION DURATIOH CAPA-
BILLTY.

WELTGHT

¢ 3 hiﬁ - YEAR CRBITAL
*ACE STI 101 MODULE
CLP OLE OF TillM LAUNCH

TO LOYW PCLAR ORBIT.

3 AY - | YEAR LUIAR BASE
COMPATIBLE WITH LAKDED

LUNAR PAYLOAD COF STANDARD
SY (35.030 LB. ¥IiTH PH').

0 <57 K GROSS VEIGHT
WITY EXPEIDARLE
OFE-LOAD!IIG.

o <35 K GROSS VWEIGHT
WITH REDUCED COi-
SUMABLES AMD SU3-
SYSTEMS TO ALLOW
LUMAR CARGO OF
10,000 + LB.

DIMERSIONS

e COMPATIBLE WITH INT-20,
INT-21, SiB AND SV LAUNCH
VEHICLES.

e MAXIMUM MODULE DIMEMSIONS
FIXED BY TI1IM HAMMERHEAD

OR SLA PACKAGING LIMITS (21).

e <21,7 FT DIAMETER

~17.5 FT DIA. BY
~I4 FT LERGTH




CREW_ SUPPORT MOUURE/D’@luN CONSTRAINTS

Operational Environment--Thermal Control

A common spacecraft thermal control system can operate
throughout the selected mission range (.5 au to 2 au including
planetary orbits and.the lunar surface) with proper thermal
coating and sufficient radiation area to dump power and ECS
subsystem heat generated onboard (22). Major advances in thermal
coating, namely development of optical solar reflection material
(a = .05, € = .77) with excellent long term stability character-
istics make the module thermal control system essentlally inde-
pendent of the operating environment.

The nmodule configuration selected can radiate sufficient
heat from its outer wall to accommodate the power system heat
rejection and ECS heat rejection for a cabin power input of at
least 7 kwe. The actual power level depends on power system
efficiency, ECS & PCS rejection temperatures, radiator area and
properties, and the position in space. The capabilities of the
assumed configuration are illinstrated.

On this basis a common thermal design can be used for the
entire spectrum of potential missions. Minor modifications are
required for the lunar surface, low lunar orbit, and possible
nissions within .5 au of the sun. These modifications are:

. On the lunar surface, a solar reflective mat or an
additional radiator must be deployed and OSR material
must be used on the CMM surface.

. In a low lunar orbit, a transient technique such as
heating and cooling storage water is required to
handle hot portions of the orbit.

. For possible missions less than .5 au the spacecraft
nust be end oriented to the sun. '
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Operational Environmental-Meteoroid Protection

Wi

environment in the regicns of interplanetary space and near planet

th the excep*jO“ of the asteroid belts the meteoroid

can be treated as relatively uniform (23). Hence, for a given con-

figuration, time dependency is the only variable governing meteoroid

bumper weigh

t. Wall thickness for missions of less than 1 or 2

years are governed by structural requirements so no additional

shielding is
tional bumpe
(i.e., the t

Th
nmodification

required. For missions of extended duration addi-
r protection is achieved by varying outerwall weight
hickness of the wall sheets).

e lunar surface envivonment does not require module
s. Here, sccondary meteoroid impact probability is

3 orders of magnitude greater than that of primary impact; but

secondary me
meteoroid ve

teoroid'velocities are much lower than nrimarv .
locities, so that primery meteoroid impact criteria

still govern.

Oun
nissions thr
WMot only is

(especially

not proposed,

er wall woioht
ough the asteroid belt are significantly increased,
the flux density greater, but mission durations
to the majoxr planets) are longer. Such missions are
but they may be accomodated by a heavier outer wall.

t pennltics Ffor major planet and asteroid
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HOTE: TRANS-PLANETARY HETEGROID
- EAVIROIUENT COVERUS THE
g OUTER VALL WEIGHT OF THE
Chit; THE SECONDARY
. METEOROID EHVIRGHHENT OX
3 THE LOVMER SURFACE IS LESS
- . SEVERE

METEOROID ENVIROHMENT
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CURRENT ¥SC
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TRANS-PLANETARY

SHELL WEIGHT L3/FT?

v eamrs ewEm cwsre eweim & o (i o
6 =7 . ;—1..._\‘“'

ey
b

STRUCTURAL
REQUIREMENT

ey
H i
R

|
B I

[

£ e METEOROID SHIELD GOVERIIS OUTER
SHELL STRUCTURE

;#j s MISSI0N DIFFERENCES SMALL

5 ¢ FOR ASSUMED MODULE CONMFIGURATION
i ! - P (0) = 0.999, BUMPER FACTOR = 5.0




CREY

{X
-t

0

SUPPORT MODULL/DSSIGH CONSTRATNTS

¥

Operational Environment-Radiation Protection

Radiatior protection is provided for sporadic solar

flare events. Background radiation from the sun and cosmic rays
ranging from .25 au and beyond are of sufficiently low energy

to be aksorbed by the outer spacecraft shell so that the cabin
level is maintained within acceptable dose limits without
additional protection (24). Storm shelter protection provided
by spacecraft structure, equipment storage, and consumables is
adzquate for baseline mission classes considered. Shielding

is maintained by replacing consumables with packaged waste
matter.

Spaciiic shielding reguirements which are primarily

dependoent on sun cycle activity are shown for several classes
of missicns. In all cases design requirenents are readily
accouaodated by storm shelter protection. Additional protection

can,

if necessary, be provided by added shield weight.
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CREW SUPPORT MODULE/APPT,TCATIONS

The common module defined herein would allow flexibility

in mission scale and use (25). A single module, configured for
mission control and living quarters, could support a lunar base
or a specialized ecrnth orbital mission (i.e., astronomy or earth
resources). Two modules (one for living quarters and the other
for mission control) could support a planetary mission. Several
modules would satisfy the crew size and experiment space require-
ments of a large multi-disciplinary space station, (e.g., Saturn
V launched space station). :

Estimated weights based on studies (15, 26, 27, 28) are
sumnarized in the adjacent table. :
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APPLICATICH __CREY $1If . COLLERTS
LUX AR BisE 2-3 | YEAR BA3E
; B L ————-
SMALL SPACE 2-3 ® 2 YEAR SYRCHROMOUS,
STATION LOW CIRCULAR, OR
POLAR
® SINGLE DISCIPLINE
PLANETARY §-6 ® LIVING QUARTER
SPACECRAFT MODULE PLUS
2 CONTROL CENTER &
———————————— - o EXPERIMERT CORTROL
MODULE
INTEFHEDIATE 4-6
SPACE STATICH
MULT -
DISCIPLINLRY 6-8 ® T¥9 KOSULES PROVIDE
SPACE STATION CRIW CUAKTERS AD
3 COHTROL FUNCTICxS.

ros

HESSI0H
e EXFERINENT EXPERININT
3 M4 -~ 2 YRS LY NS HODULE {LIULE
FOOD AHD PACKAGIKSG 3860 3800 [¢] 0
ATHOSPHERE SYSTEM 52007 *** 5200 5200 5200
THERMAL CONTRCL 30° 300 300 300
CREW SYSTEM 1500 _ 1500 0 [
WATER AND WASTE SYSTEMS 800 800 [ 0
Brssion EquipHenT 2000 200** 0 0
L30%ER (5 ko) 3500 3500 3500 0
YPPORT STRUCTURE 1700 1£00 1500 ** 1500 **
[SIC STRUCT. AnD KET.
TUPROTECTIOH §C00 €000 6600 6200
Vi KEIGHT 24800 22300 16500 13000

* 600 FOR LUXAR BASE

¥e. FOR CONTROL OF THIS MOJULE

ttTOROEXPERIMENS

s G000 FOR 1 YR - 3 MK LEKAR B4SE WHICH

INCLUDES LEAKAGE FROM EV
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PROPULSTON HODULE (PH) I

escription and Applications

storage
the sun

The PM I (29, 30) is a long term storage LH2/LO

cryogenic'stagc with a gross weight of 110,000 1lbs. Non-vented
times in excess of 1 year are attainable at l au from
and in the near earth orbit.

Mission applications for PM I (31) include:

A fourth stage on a Saturn V capable of landing
45,000 lb@ on the Junar surface (exclusive of

A propulsion stage to inject manned inter-
planetary spacecraft from earth corbit, retro
at the planet (Mars or Venus) and escape from
the planet for the return trip to earth.

A fourth sicgw on Saturn V to launch major
unannasd proboi.

A gencral maneuvering propulsion vehicle in
cislunar space for rescue missions.
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OPULSION MODULL T

l

PMI Sizing

Sizing of the PM-I is governed by lunar and planetary
considerations. Unmanned SV fourth steoce and cislunar rescu=z
applications accept the derived payload capablllty. Maximum
stage performance potential for planetary missions are realized
when the stage is used in ccnjunction with a highly elliptical
earth parking orbit (for rendezvous and assembly prior to
injection} (32).

Size sclection of the PM-I is based on achievement of
best overall utilization of launch vehicles for the combined
requirencnts of thce mission gpectrum cited. Tailored to the needs
of planetary missions, a PM-I weight of approximately 220,000 lbs
would appear optimum (Iigure A) (33). TIn this case px OpUlSlon
modules would be launchad into a low circular parking orbit.
However, a stage of considerably smaller size matched to three
stage SV launch capability to highly elliptic parking orbit of
110,000 1bs for stundaJd SV (or 140,000 1lbs for uprated SV) could
achieve the plavetary missions with the same number of SV lounches
vith only modest weduccions in planctary payloads (34). loreover,
the 1 Sfmgx sizc is preferable for other applications such
as a logistics landing stage (l'igure B) and a fourth staye on
Saturn V (I'igurc C), and would also presumably be cheaper to de-
velop.

A PM-T of 110 K matched to elliptical orbit launch
capability of the standard SV, is therefore assumed.
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PROPULSTON MODULE (PM) IT

Description and Applications
LesCrlpelol Pl

The PM-II is & space storable (FLOX/Methane) propulsion

stage of approximacely 27,000 1b gross weight (35). It is
capable of long term storage (v 2 yrs) in space or on the lunar

surface.

The PM-II performs the following tasks:

Return, from the lunar surface, of up to 3
men in an earth entry module, plus discre-
tionary payload.

Abort, from the injection phase of ballistic
planetery missions, for up to 4 men in an

earth entry nodule.

Midcourse. corrections and attitude control
for planetary spacecraft,

Station keeping and attitude control for

large carth orbhit space stations.

General maneuvvering propulsicon in cislunar
Space Ol rescus missions.
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PROPULSION MODULL X1

Planctery abort and lunar return have similar pro-
pellant requirements for the proposed mission tasks. The
abort AV selected (Figure A) enables abort from most con-
templated planetary mission trajectories (V_ < .21 emos), and

sizes the PM~II. The derived PM-II proVides ample propellant
for planetary midcourse corrections.

Little compromise results in PM-II sizing for common
lunar and planctary missions usage if crew sizes are similar.
However, a larger planetary earth entry module coulda increasc
the reguired PH-IT size sufificiently to preclude commonality
with the lunar mission. Tho maxinum useable weight of the
lunar return PH-IT plus earth return module is set by the
lunar linded weight capebility limit of a PM-1, which is 45,000

1bs.

Barih ovhit migsinng wovrld cocopt the derived czpebility
of Figure B). It is suitable for two year, low altitude
ear issions but grossly oversized for high altitude

usage (36). Non—-solar array powered space stations can be flown
as low as 100 nm (belly down) and inertially fixed stations with
large solar arrays could be operated as low as 175 nm for this
mission duration.
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EAPTH ERTRY MODULE (iIZJ‘j

An EZM 15 cepeble of multiple usage since the basic
function of returning men from space to earth is identical in
2ll mission arcas. Structure, life support, and environmental
conLrol subsystems would be common. The heat shield, and por-
tions of the communication and G&N systems would be tailored
to particular missions. But the basic structure must be de-
signed for the worst case -—- return from a planetary mission.
Either Apollo EM or low L/D configurations could be utilized.

The EEM would be capable of supporting a crew for up
to two wveeks, thereby accommodating trans-earth-lunar flights,
end aborts shorvtly after planetary injection. Quiescent storace
for un to two ycars vould pernit crew return from planetary
nmissions, a long terwm lunar base, or an earth orbit station.

The BEM would be wmanned during the earth dopart pha'o of all
missicns for aboxrt during la wunch or immediately aiter planetary
injection.

requires compromnise

I onon tnrl sy s L N fovr man (ox less)
size is prowo @u i w:th a policy of leduc1ng mission
cost Uhreugh minids K e weight and crew size. Reguire-

']

!

—

nts for larger crews

o (1 ., earth orbital missions) would be
met with nultiple modules.
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EARTH ORBITAL SPACE STATIONS

The relative merits of large nmulti-discipline versus
small single-discipline space stations have not been clearly
established (37); nor is there a strong likelihood that they
will be established with surety wavvanting a firm commitment
to either one or the other. Small modules which can be clustered
into a single large multi-discipline space station preserve the
option of assembling a small single module station tailored to
specialized tasks.

Current studies of earth orbital missions suggest that
only astronomy and medical/behaviroal studies can supply a strong
rationale for a long, continuous mission time. Earth resources,
physical science and advanced technology appear to be limited
programs (i.e., sensor and/or eqguipment testing, and an "X" man
hour experiment program) which may not become continuous manned
activities. (Meteorology, an uamanned program, provides an in-
structive analogy). Small space stations, could for example bo
employed in early programs, for these limited tasks avoiding a
large commitment until nced is costablished. Several inherent
advantagnes include [N

o
~
)
[
m
U
"

inle funding (low dollar cowmitment per
mission) and e snperinent integreticn. I a large station

is desired thi an be accomplished with modules with reliability
provaen by continued usage in numerous other missions.
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EARTI ORBITAL PROGRAM COHSIDERATIONS

PROBABILITY OF MISSION SUCCESS WITH SINGLE LAUNCH?
LARGE IHITIAL $ COMMITMENT WITH SINGLE LAUNCH

SEVERAL SHALL SPACE STATIONS CAN ACCOMAODATE CHANGING PROGRAM
FUEDING RATE

EASIER 10 DEVELOP RELIABILITY i SMALL S/C SINCE MORE ARE LAUNCHED

StALL S/C USEFUL FCR OTHER MISSI0HS (POLAR, EQUATORIAL Oif SYiiCil-
RO:OUS GRBITS)

EXPERT T O INTEERATICE PROBLEDS OF A LARGE MULTE-DISCIPLINE STATICH

ARE HORE DIFFICULT AND REQUIRE EARLY DECISIONS OK EXPERIMENTS




EARTH ORBITAL SPACE STATICN

Multi-disciplinary Station

The adjacent figure depicts a representative nmulti-
disciplinary space station assembled from three common nodules
(32) . External experiments such as an astronomy facility (39)
and an earth sensoi. package located at opposite station ends
are completely accessible from the module area. An unmanned
satellite service hangar is incorporated in the earth sensor
station section. External experiments are contained within
launch vehicle interstage structures. The common modules at
the station ends provide 1living quarters, primary spacecraft
control, power, and external experiments. Data handling and
communications equipment could be in either end module or
duplicated. The center module is an experiment shell which
taps power from the end modules. Module docking ports allow
use of multiple logistics spacecraft and eliminate the need
for a separate docking adapter.

b
The modular space station has several safety features.

Primary spacccraft functions are duplicated in the end modules
in addition to living quarters and power. In this way major
moduice failnies are isol
be degraded (i.e., return of some crewmen, less power, shorter
mission time, loss of gsow2 experiment control, etc.) bul not
aborted. ‘

zted fron other modules. A mission woun

R—
o o




ERIEY
AdLi3 4
1¥¥d3Q Hl&V3

340383131
dv108

_ )2
_ SEzidvnd ONiAIT %R
_ SOCINOD HOISSIA
N0 1STNd0Yd ! J |
S “ e
*
|
|
N e
ol u.r......l.u.n.ﬂ \\\\/\J = \J_ ”
D ST L . xm\\x ; |

yuzsmhmz_\\\w.

KESALYd
SHIMD A HL¥VE
e P T .
b

MHWJ wsz PR W:;
-t O - .

i

N

HERS Ny

AN R S

LSV

7
)

Y

R

Pl

340063721
V11348

i3 * -



LUNAR SR

e common hardware units can establish a long term
lunar base suitable for h@JOI oyplorutwon missions. A 1-2 yeax
base for several ren and a large payload is feasible. Timing
of such a base is de C1dent on decisions regarding mission
objective emphasis and could occur anytime after hardware
availability.

Th
S

Base size is set by the lunar landed weight limit of
the PM-I which is 45,000 lb. with a standard Saturn V (34).
This base would comprise a 3 man module and more than 10,000
1b. of payload. This capability greatly exceeds that of limited
stay +imﬂ exploration missionse utilizing shelters delivered to
the surface by the Lunar nodule demcent stace (40, 41, 42) .

The landed lunar base configuration and the landing
stace are depicted. Another Saturan V and lunar lauding stage
lands croew, eaxrth entry module, and a lunar ascent/carth return
propuision module
A typicael car is shown on top of the mission medule.
Tranaf?x of 3
s accornlished vie 2 small elevetor. Large bully objects, such
as a roving or flying vehicle, could ba lowered to the lunar
surface with a crane and cable.

suitcase size" cargo and crewmen to the lunar surface
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PLANETARY MISSTONS

The extremely large weight and cost expenditures
generally associated with planetary exploration demand a
thorough reexamination cf ground rules. The result of over-~
conservative desicr and mission node planning can ultimately
trigger added complexity and cost because of inherent multi-
plying effects. 1In this context, an approach to planetary

exploration is proposed in which traditional ground rules are
revised.

Weight and cost reductions are achieved by incor-

poration of all or some of the mission elements shown oppesite.
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PLANETATY MISSTON E>/1H“>%IO‘~ BLEIMNTS

Venus Swingby- Mode

venus swingby modes (43, 44, 45) afford substantial
reductions in characteristic veloc1t1es for manned Mars stopover
missions compared to standard opp051tlon class missions. 1In
general, substantial reductions in mass in earth orbit result,
and earth entry speeds are usually below those of other mode
requirements. Total trip times (approximately 500 to 600 days)
necessary to realize these benefits are only about 20% (or less)
greater than standard trip times. Moreover, mission times are
greatly shortened by comparison to conjunction class missions
which are as much as 1,100 days, including appr oy1mdtcly 300
days spent in the plano;ajy capture orbit. Because of the un-
attractive mission duretion and planetary staytime charac-
teristics, conjunction class missions are discarded for present
purposes despite the very low AV requirements associated with
such lowever, it is recognized that conjunction class
miszions ¢ U be very attractive if extended manned cxploration
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Y MISSIONS/MISSION EL

‘Elliptical Earth Parking Oxbit

Elliptic parking orbits for rendezvous and assembly
provide substantial performance improvements over circular orbit
rendezvous by allowing utilization of the full performance
capability of the launch vehicle for a fixed payload. Elliptical
orbits make small PM-I class planetary injection stages competitive
with larger stages which are optinal for low orbit) thus enabling
commonality to be achieved with other mission classes (31). 1In
addition to providing launch savings, simplification of orbit
operations resull (46). Highly eccentric orbits tuned to one or
two day periods allow almost continuous communications and tracking,
similar to synchronous oxbit (47). Rendezvous sensitivities on
the extended outbound leg may be reduced compared to circular orbit.
Moreover out-of-orbit launch window penalties are significantly
eased bhecause of greatly reduced perturbations of the orbit due
to the carth's oblateness as compared with low altitude circular
orbits. Effects of solar and lunar gravity on lifetimes of highly
elliptical oxrbit do not appear to be prohibitive (48).

Van Allen radiation shielding requirements in elliptical
orbit are not suvbstentially increased frow low earth orbit becausc
of the relatively quick passage through the radiation belts (49).
Dose rate for a two day ellipse is less than 2 rads/day with no
shielding other than spacecraft structure.
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PLANETARY MISSL TS/WIS@ION

Elliptical Capture Orbits

Elliptic capture results in substantial savings in
arrival and departuvie velocity chenges compered to circular orbit
capture (50). This is demonstrated in the case of the Venus
Orbiter mission where .savings on the order of 50% weight re-
duction by comparison to circular orbit result. The savings
are less for Mars percentage-wise but, - in view of higher weight
sensitivity for Mars capture, are equally significant.

In general,elliptical orbits markedly reduce propuvlsion
reguivements only if near theoretical minimum AV's (i.e., arrival

cnd departure at perlapsis) arce achievable. But there eare turning

jle penalties for alignment of arrival and departure asymptotes.
s ponalties ave minimized by off periapse maneuvers which

are considerably less expensive than the circulatization/decircu-
1: iyation maneuwvers. Three Mars stopover missions via Venus
swingby were considered (51). 1In two cases the turning angle

‘1-\/ is negligible ('86 and '83) and in the other case ('82)
Vo2 ley da less than 1,000 fos.
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PLANFTARY HISSIONS/MTSSTON ELEMINTS

Mission Elements-MiM Direct Entxry

The MEM vehicle complement (including hangar) is a
consicerable portion of the payload out of earth orbit, weighing
approximately 50% to 80% of the manned spacecraft. A substantial
penalty in added retropropellant results if the MEM is propulsively
braked into planetary capture orbit. Direct entry can save as much
as a SV launch by eliminating the retrobraking propellant for the
MEM capture maneuver.

The deceleration limit during direct entry can be held
to within 10 g's for a 10 nm. entry corridor (52), believed
reasoneble {or the related time period. The problem is essentially
a guidance one, i.e., being able to achieve the assumed 10 nm
corricor tolerance. Preliminary estimates based on current capa-
bility suggest this problem will be favorably resolved upon sub-
sequent analysis. It is not believed that the guidence problen
challenges feasibility.

Abort of the monnod, direct entry mission by vtilization

or landing stage propulsion is possible at any time up to 100
sceconds before noninal entxy (52). All the ascent propellant is
avallable for rendemvous with the pavent module in orbit, or chase
along the heliocentric trajectory if the parent module itself
aborts during capture maneuvers made prior to MEM entry. Abort
aftcr atmospheric entry is possible during 50% of the entry time.
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MARS SURYACE

“LORATTON

Mars landing and flyby mission payloads are considered
in somewhat greater detazl than previous micsion cateyorics since
new operational and design concepts are introduced.

As noted, Mars lander payload is a substantial fraction
of total spacecraft weight, and represents a significant portion
of total program development cost. A plan is proposed to accomplish
principal objectives of 1) Mars surface sample retrieval and
2) manned Marg landing, at minimum overall cost. A key element
of this plan is commonelity of unmanned Mars surface sample return
(MSSR) and manned Mars Fxavrsion Module (MEM) probes if those tvo
major obicctives are carried out on separate missions (53).
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PLANETARY M1SSIONS/MININUM SCALE

MAKNED MARS SURFACE LNPLORMTTOH

Landing Mission Description

The interplay bztween the various operation and vehicle
elements is best understood by a general description of a complete
manned landing mission profile. Selected details are subsequently
highlighted. Consistent with a minimal mission policy a two man
landing mission is presumed.

The MEM vehicle arrives in the vicinity of Mars with a

parent spacecraft which establishes a highly elliptical (24 to 28 hrs)

capture orbit. (This oxbit is non-optimum for MEM surface to
orbit return but, as previcusly noted, is desirable to minimize

parent module braking and return injection velocities.) The vehicle

scparates from the parent ship, and descends to the surface only
after the parent spacecraft capture maneuver is achieved.

_ A 2 week stay
reconnaissance and exp
return in the ascont
in elliptical orbit.

Abort capability is provided prior to entry, for a
period of time shortly hefore touchdown, and from the surface in
the event of surface shelter failure. Surface or abort launch
are achieved via preprogrammed trajectories to low circular orbit.

A single orbit coast (or lcss) is allowed for positioning and orbit

determination from the parent module. Transfer is achieved so
that the MEM is slightly ahead of the parent spacecraft. Initial
separation is not more than several 10's of miles, and closes
steadily. The MEM ascent stagc is guided by radio command from

the parent wmodule during the final phases of the rendezvous sequence.

At return rendezvous, the astronauts either fly the vehicle into
a prepared docking area or leave the spacecraft and maneuver to
the main module by EVA. A nominal mission then requires the
astronauts to live in the ascent stage for perlaps 6 hours before
landing and 1 oxr 2 hours after ascent. Upon landing the shelter
is activated and the astronauts transfer to the shelter for the
remainder of staytime duration.
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! PLANETARY MISSIONS/MINIMUM SCALE

MANNED MARS SURFACE EXPLORATION

Mars Lander Vehicle Description

The MEM is comprised of a cone or Apollo shaped entry
shell which contains heat shield, retropropulsion, landing gear:;
the MEM ascent stage; and a laboratory/shelter for surface opera-
tions. The MEM ascent stage houses descent command system control
interfaces, the ascent capsule, and return propulsion stages.
Abort considerations necessitate that the astronauts ride in the
MEM ascent stage during entry to allow rapid escape.

The achievement of minimum MM gross welght is contingent
upon minimizing ascent (Mars surface to orbit) vehicle weight.
To accomplish this the ascent capsule is designed sclely to pro-
vide transportation to and from the surface of Mars to the parent
spacecraft in parking orbit (54). No experiments are performed
en route and ccmmunications and telemetry are minimal. There are
no operations that require man's functional mobility, so compact
packaging of the ascent capsule can he achieved.

When possible subsystems are located in the descent
stage. For example, the relatively hcavy entry landing systen
(i.e., computers, guidance, and communications subsystems) are
packaged in the descent stage and connected to the ascent/command
‘capsule by umbilicles capable of being broken immediately in case
of launch for abort.

In the ascent stage capsule life support and environment
control are to be provided entirely by the suit loop. (Precursor
lunar surface EVA experience should preclude the necessity for
independent cabin EC/LSS backup.) Landing maneuvering is
accomplished with remote sensing by landing TV and video display.
This allows more efficient placement of the ascent capsule and
minimum packaging design.

" During ascent continuous communications is provided down
range by the parent spacecraft to which the MEM can respond via
omni antenna by a minimal up link communications system utilizing
equipment in the back pack (55). To reduce weight in the ascent
capsule, radio command guidance (from the parent spacecraft) is
employed for ascent return rendezvous (56).

Upon consideration of these and other subsystem require-
ments (i.e., power, RCS, etc.) it has been estimated that the weight
of a 2 man manned ascent capsule is of the order of ‘1300 1lbs (54).
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PLANETARY MISSIONS/MINIMUM SCALE

MANNED MARS SURFACE EXPLORATION

LS

Alternate Approach Emgioying Surface Rendezvous

Major surface missions, involving several crewmen and
arbitrary surface staytimes could be accomplished utilizing small
separate spacecraft which rendezvous on the Martian surface, in
lieu of a larger combined system. (Separate vehicles would carry
either a single crewman or an unmanned surface shelter.) Cost
savings resulting from size scaledown advantages, and mission
scale flexibility are inherently achieved. (For example, an
early Mars landing mission could employ a single crewman for

several hours staytime.)
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PLANETARY MISSIONS/MINIMUM SCALE

MANNED MARS SURFACE EXPLORATION

w5

-Alternate Approach - MEM Gross Weight Breakdown

Gross weight of MEM for direct entry is estimated to
be three times landed payload (52). Gross weight of the combined
two-man vehicle is about 35,000 1lbs. (Note: This is signifi-
cantly lighter than previous concepts (61,62) because of minimal
weight ascent capsule design.) The small vehicle with 4,300 lbs
landed payload weighs about 13,000 lbs. Gross weight for a
three vehicle mission is therefore approximately 38,000 lbs,

Probe hangar weight is estimated to be approximately
13,000 to 15,000 1bs so that gross weight charged to MEM is
48,000 to 53,000 1bs.
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PLANETARY MISSIONS/MINIMUM SCALE

MANNED MARS SURFACE EXPLORATION

Alternate'Approach Employing Surface Rendezvous - Mission Profile

The mission profile for a two man mission is described
for comparison with the baseline single vehicle approach. Here
two single man vehicles and a separate sheltexr vehicles are
employed.

The three vehicles descend simultaneously to the surface.
Aerodynamic characteristics of the three vehicles are identical and
all follow the sane preprogramned entyy profile. The entry/landing
mode can have a wide individual landing footprint but the relative
landing dispersions, the critical element for surface rendezvous,
are small (52). A AV contingency is allocated for approxzimately 1 ﬂ
minute hover- and traﬁ%Wgtﬁcn (in addition to retrobraking contingency) Lo
2s Turther assurancea ingt cxcessive lanuwng geparation. (Prro-
pulolve range mdhe up chpiOJlng hori 701&M tran siﬁtlon 10 on the

Yy -

minutes ahead
it ocan target to the

Ch”]L._
ot th
shelter

Should the shel come inoperative, or separation
distance bhe coun& RHNCeES aant can return via the ascent
vehicle after o curtailed str§L1v“ ol 1 day, or lecs, with suriace
samples and limited data obtained at the landing site. Hence, the
mission can be rated a partial success even without use of the shelter

r
\
since abort is continuously available via a separate vehicle. LJ
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MEM WEIGHT BREAKDOWN

TWO MAN VEHICLE
N MANNED CAPSULE 700 . 1300
!
e ASCENT PROPULSION STAGE 3500 ' 6200
ﬁ SURFACE SHELTER - 4000
- DESCENT STAGE 81400 23000
_ VERTCLE WEIGHT 12,600 31,600
(o
i HUMBER OF VEHICLES 3 ' |
b
- TVO MAN MISSION VEIGHT ~ 38,000 ~ 35,000
L
| STORAGE HANGAR MODULE WEIGHT 15,000 13,000
L]
L WEIGHT 11 EARTH ORBIT 53,000 - 48,000
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PLANETARY MISSIONS/MININMUM SCALE

MANNED MARS SURFACE EXPLORATION

MSSR/MEM Commonality

A prime goal of precursor Mars orbiter and flyby
missions (prior to manned landing) is to search for and identify
life on Mars via surface sample return. A Mars Surface Sample
Retriever (MSSR) probe (63) in association with a manned space-
craft, -could accomplish surface sample recovery from a selected
site, and enable analysis onboard the spacecraft immediately upon
recovery. To minimize costs, the system that is used for this
initial goal can be a developmental and test version of the manned
landing system. The precursor unmanned mission could then support
mannad landing gosl, not only in discovering possible life forms,
but also in devcloping the necessary hardware. '

Developing a manned lander will permit considerable pay-
load for ummznned szwple return on much higher AV flyby and orbiter
missions (53, Tiilis enhances the chance of successful unmanned
retrieval syst i

" varies with the particalax

Fidose i o selaciad hen ade U TOT i ST
retrieval. pe flexibility of mis

sale s inn, GIosuTh on snnoocach ara sincle dzvel e
of the doscent lander stage aand asceant propulsion stages, and

qualification of a single vehicle. Inproved reliability for the
manncd mission is also achieved through increased uvsage during
"all up" MSSR operations on unmanned missions.

A further advantage of this approach is that flight
experience gained from unmanned missions (65) would allow precise
calibration of performance characteristics and targeting accuracy
in the real Martian environment te enhance operations of later
menned f£lights. (Gemini experience provides instructive example.
Here reentry targeting accuracy was continuously improved with
flight experience. Idkewise the Mars entry vehicle guidance and
control would be uprated to improve atmespheric entry and surface

site targeting accuracy.)
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PLANETARY MISSIONS/MINIMUM SCALE’

MANNED MARS SURFACE EXPLORATION

MSSR/MEM Commonality

The figure opposite shows velocities achieved by un-
modified one man and two man ascent stages, operating in an
unmanned mode for a fixed MSSR mission with the 42 1b payload
derived in Reference 63. All vehicles achieve velocities
greater than 31,000 fps; more than sufficient for low energy
classes of dual and triple planet flyby missions (57). Veloc-
ities for these missions would more typically be on the order

of 26,000 fps in which case payloads of 185 1b and 430 1lb could

be achieved by one and two man vehicles, respectively. Higher
enaeray (or payload) missions such as the Mars "twilight" flyby
(single-planet) in the 36,000 fps to 40,000 fps class require
an added stage. The stepped curve shows MEM launch capability
with the added stage plus payload gross weighl equal to the
weight of the menncd cepsule, Paylocads are 77 and 212 1bs for
36,000 fps velocity and 27 and 102 1bs for 40,000 fps velocity
resncotively for the two typces of vehicles.
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PLANETARY MISSION/POTENTIAIL MANNED MARS

LANDING MISDION WHICHT DEDNCTTIONS

To illustrate the extent of savings attributed to each
mission elemenht, percent reductions of initial weight in earth
orbit (IWIEO) are presented for a sample planetary mission (1982
manned Mars landing) (66).

The basic mission model assumes departure from a low-
altitude circular orbit at Earth,* propulsive braking at Mars,
descent of an excursion module to the surface of Mars, eventusal
rendezvous in orbit with the main spacecraft, propulsive departure
from Mars (after jettisoning the excursion module) . and entry into
the Eavth's atmosphere at a speed not ewceeding 50,000 fps.

oy

(-J

l»....l
\
[

Effects of the fo ng nigsion profile variations are

compared:

1. Venus svingby vevsus divecu Hoxs-herith return leg.

I "y S . "‘» o e Y B L e S

low~c1rpu1a

orbhit at Mars.
3. Dixcct e ; sion 1l
from hym' lic e i.e¢., sepavaltion
the mission moadule entering the Havs
cepture orbit, versus entry from orbit,

4, Crew of four veraus crew 0of six.
5. M crew of two versus crew of three.

Mission AV's are sclected to allow for approximately
twenty day launch windows at both carth and Mars.
The "conventional™ mission (57 ‘nvelving circular parking

orbit ot Marvs and crew of six mzn, reguives aboult 2.5 x 107 1bs

. , C o 6 .. -
Hhe direct mission oxr akzout 2.8 x 107 1bs for Venrus
‘1

ng elliptical orbhits at Mars and dicect entry for

I B "4 - ¢
JIR0 drops to eébout 1.3 2z 107 lbs. Incorporatin e S
o - ;

1 « as
-
TEO withh & JTour man crew i1s 830,000 ibs (w thhn the
apacity of threa product improved SV's).

*7o establish common earth launch conditions.
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Sensitivity to MEM weight is somewhat less pronounced
in the 1982 mission than in general because of the low Mars
arrival speed and sukstantially higher departure speed associated
with this particular year. In many other mission opportunities the
arrival and departure speeds are more evenly matched and in other
cases the arrival speed is substantially higher than the departure
speed. In those years sensitivity to MEM weight and the effect
of MEM separation prior to orbit capture will be notably increused.

PERCENT WE!GHT REDUCTION OF INITIAL WEIGHT IN EARTH ORBIT

MISSHON KODE EFFECT IWIFO REDYCTISH(%)

ELLIFTICAL GORBIT VEESUS CIRCULAR CRBIT 51
VENUS SWIHGBY VERSUS OPPOSITION CLASS MODE 18
DIRECT ERTRY VERSUS ORBITAL ENTRY FOR MEM | 8

TOTAL MISSI0H MODE REBUCTION | 63

CREW Si{ZE EFFECTS

SPACECRAFT WEIGHT (CREV OF 4 VERSUS CREW GF 6) . 30

MEH WEIGHT (CREW OF 2 VERSUS CREW OF 3) 6
TOTAL CREW SIZE REDUCTION 26

TOTAL REDUCTIONS (MISSION MODE PLUS CREW SIZE) 76
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